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Concentrations of Cd, Cu, Pb, Zn, Ni and Fe in the surface seawater, suspended 
particulate matter, algal mat, sediments and gastropod Nerita lineata were 
determined to assess the status of heavy metal pollution in Dumai coastal waters. 
Concentrations of heavy metal in sediments varied from 0.88, 6.08, 32.34, 53.89, 
11.48 µg/g dry weight and 3.01 % for Cd, Cu, Pb, Zn, Ni and Fe, respectively. 
These concentrations were comparable to metal concentrations in non polluted 
coastal waters and even lower than concentrations found in the sediments from the 
west coast of Peninsular Malaysia which is located just at the opposite side of the 
study area by the Malacca Straits. Generally, higher metal concentrations in the 
surface seawater, suspended particulate matter, algal mat, sediment and gastropod 
Nerita lineata were found at the stations with more industrial and anthropogenic 
activities near Dumai city center (eastern and central regions). Metal pollution index 
(MPI) of N. lineata further confirm higher level of heavy metal contaminations at 
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the eastern region of Dumai coastal waters. Cd in sediments from the eastern region 
was the only metal that slightly higher than effective range low (ERL) but still 
below effective range medium (ERM) values. The enrichment factor (EF) and 
pollution load index (PLI) values for Cd and Pb in the eastern region were also 
higher than other regions. Index of geoaccumulation (Igeo) indicated that most of the 
stations were categorized as class 1 (unpolluted to moderately polluted 
environment) and only Cd in Cargo Port was in class 2 (moderately polluted).  
 
More than 50 % of Cd, Cu, Pb, Zn, Ni and Fe in sediments were accumulated in the 
‘resistant’ fraction which indicated that the mobility of these metals in Dumai 
coastal waters were quite low. The eastern and center regions of Dumai coastal 
waters accumulated higher percentages of ‘nonresistant’ fraction of metals, 
especially Pb. However, only Pb in the eastern region was dominated by 
‘nonresistant’ fraction (> 60 %). For overall stations, Pb also showed the highest 
percentage (45.32 %) of ‘non-resistant’ fraction, suggesting more anthropogenic 
inputs of Pb in Dumai coastal waters in comparison with other metals (43.22, 40.85, 
37.34, 25.93 and 18.03 % for Cd, Zn, Ni, Cu and Fe, respectively). 
 
All biomonitor organisms analyzed in the present study showed their ability to 
accumulate metals from their environment. T. telescopium accumulated the highest 
concentrations of Cd, Cu and Pb, whilst N. lineata accumulated the highest 
concentration for Zn. However, the difference between concentrations of Cd, Cu 
and Pb in both species was not significant and T. telescopium was not widely 
distributed in Dumai coastal waters as for N. lineata. Furthermore, among the 
studied biomonitors, N. lineata has wider range of distribution in the study area and 
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it also fulfilled some of the prerequisites for being indicator organisms for heavy 
metal pollution.  
 
The mean concentrations of Cd, Cu, Pb, Zn, Ni and Fe in N. lineata were 4.14, 5.90, 
44.43, 3.74, 20.73, 24.91 μg/g in shell; 4.16, 7.31, 51.78, 17.63, 23.52, 30.60 μg/g 
in operculum and 0.71, 15.16, 9.34, 94.69, 5.08, 397.96 μg/g d.w in the total soft 
tissue, respectively. Concentrations of Cd, Pb and Ni decreased in the order: 
operculum > shell > soft tissue whilst Cu, Zn and Fe in the order of soft tissue > 
operculum > shell. Metal concentrations, especially Cd in the shells and Pb in the 
soft tissues of N. lineata were significantly correlated with some of the respective 
geochemical fractions of metal concentrations in sediment as well as with metal 
concentrations in algal mat, suspended particulate matter and seawater which 
suggest that N. lineata could be used as biomonitoring agent for heavy metals 
pollution in Dumai coastal waters.  
 
Geochemical fractionation analysis and calculated pollution indices using surface 
sediments and gastropod N. lineata revealed that Dumai coastal waters can be 
classified as unpolluted to moderately-polluted coastal environment. Therefore, 
although Dumai coastal waters is still not seriously polluted, a continuous 
environment monitoring program should be implemented as the ever increasing 
human activities and rapid developments in many infrastructures and industry 
sectors are continuously expanding. 
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Kepekatan logam berat Cd, Cu, Pb, Zn, Ni dan Fe di dalam air laut permukaan, 
pepejal terampai, hamparan alga, sedimen dan gastropoda Nerita lineata telah 
diukur untuk menilai tahap pencemaran logam berat di perairan pantai Dumai. 
Kepekatan logam berat dalam sedimen berkisar daripada 0.88, 6.08, 32.34, 53.89, 
11.48 µg/g dan 3.01 % masing-masing untuk Cd, Cu, Pb, Zn, Ni dan Fe. Kepekatan 
ini adalah setara dengan kepekatan logam di kawasan perairan tidak tercemar, 
malahan lebih rendah daripada kepekatan yang dijumpai di dalam sedimen daripada 
kawasan barat Semenanjung Malaysia yang berada hanya bertentangan dengan 
kawasan kajian ini di Selat Melaka. Secara amnya, kepekatan logam berat dalam air 
laut, pepejal terampai, hamparan alga, sedimen dan gastropoda Nerita lineata yang 
lebih tinggi didapati di stesen-stesen yang berhampiran dengan kawasan 
perindustrian dan aktiviti antropogenik di sekitar pusat bandar Dumai (kawasan 
timur dan tengah). Lebih tingginya tahap pencemaran logam berat di kawasan ini 
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disokong oleh pengiraan nilai indeks pencemaran logam (MPI) pada N. lineata. Cd 
dalam sedimen di kawasan timur adalah satu-satunya logam yang agak tinggi 
daripada nilai julat efektif rendah  (ERL) namun masih kurang daripada nilai julat 
efektif menengah (ERM). Nilai faktor pengkayaan (EF) dan indeks beban 
pencemaran Tomlinson (PLI) untuk logam Cd dan Pb di kawasan timur juga lebih 
tinggi berbanding kawasan lain. Berdasarkan nilai indeks geoakumulasi (Igeo) pula, 
kebanyakan stesen dikategorikan sebagai Kelas 1 (tidak tercemar sehingga 
sederhana tercemar) dan hanya Cd di stesen Pelabuhan Kargo tergolong dalam 
Kelas 2 (sederhana tercemar). 
 
Analisis pecahan geokimia mendapati lebih daripada 50 % Cd, Cu, Pb, Zn, Ni and 
Fe dalam sedimen terkumpul di dalam pecahan ‘resistant’, di mana ia menunjukkan 
mobiliti logam-logam berat itu di perairan Dumai adalah rendah. Kawasan timur 
dan tengah perairan Dumai mencatatkan peratusan pecahan ‘non-resistant’ yang 
tinggi terutama sekali untuk Pb. Walaubagaimanapun, hanya Pb yang mendominasi 
pecahan ‘non-resistant’ (> 60 %) untuk kawasan timur perairan itu. Secara 
keseluruhan, pecahan ‘non-resistant’ Pb yang tinggi (45.32 %) menunjukkan lebih 
input antropogenik Pb di perairan pantai Dumai jika dibandingkan dengan logam-
logam lain (masing-masing 43.22, 40.85, 37.34, 25.93 dan 18.03 % untuk Cd, Zn, 
Ni, Cu dan Fe). 
 
Kesemua biomonitor yang dianalisis dalam kajian ini menunjukkan kebolehan 
mereka untuk mengumpul logam-logam berat daripada kawasan persekitaran 
mereka. T. Telescopium mengumpul kepekatan logam Cd, Cu dan Pb yang paling 
tinggi sedangkan N. lineata merupakan pengumpul tertinggi untuk logam Zn. 
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Walaubagaimanapun, perbezaan diantara kepekatan logam Cd, Cu dan Pb pada 
kedua-dua spesies tersebut tidak signifikan dan T. telescopium tersebut di perairan 
pantai Dumai tidaklah dijumpai sebanyak N. lineata. Terlebih lagi, daripada 
kesemua biomonitor yang dikaji, hanya N. Lineata yang mempunyai julat taburan 
lebih luas dan dengan itu memenuhi salah satu dari persyaratan organisma indikator 
untuk pencemaran logam berat.  
 
Purata kepekatan bagi logam Cd, Cu, Pb, Zn, Ni dan Fe pada N. lineata masing-
masing adalah 4.14, 5.90, 44.43, 3.74, 20.73, 24.91 μg/g dalam cengkerang; 4.16, 
7.31, 51.78, 17.63, 23.52, 30.60 μg/g dalam operkulum dan 0.71, 15.16, 9.34, 94.69, 
5.08; 397.96 μg/g berat kering dalam keseluruhan tisu lembut. Kepekatan Cd, Pb 
dan Ni menyusut mengikut urutan: operkulum > cengkerang > tisu lembut; 
manakala bagi Cu, Zn dan Pb pula mengikut urutan: tisu lembut > operkulum > 
cengkerang. Hubungan yang signifikan telah dijumpai di antara kepekatan logam-
logam berat terutamanya Cd di dalam cengkerang dan Pb di dalam tisu lembut N. 
lineata dengan sebahagian besar pecahan geokimia logam dalam sedimen dan juga 
dengan logam berat dalam hamparan alga, pepejal terampai dan air laut. Oleh sebab 
yang demikian maka dicadangkan bahawa cengkerang N. lineata boleh dijadikan 
sebagai agen biomonitor bagi pencemaran logam berat di perairan pantai Dumai.  
 
Berdasarkan kajian pecahan geokimia dan pengiraan indeks pencemaran 
menggunakan sedimen dan gastropoda N. lineata, perairan pantai Dumai dikelaskan 
sebagai kawasan tidak tercemar sehingga sederhana tercemar. Namun demikian, 
meskipun perairan pantai Dumai pada masa ini tidak tercemar secara serius, 
program pengawasan persekitaran berterusan seharusnya dijalankan memandangkan 
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peningkatan aktiviti manusia dan pembangunan yang pesat dalam pelbagai sektor 
infrastruktur dan industri terus berkembang. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1  General 
 
Heavy metal contamination of the coastal environment continues to attract the 
attention of environmental researchers due to its increasing input to the coastal 
waters, especially in the developing countries. As for other contaminants, heavy 
metals could be introduced into the coastal environments by several pathways 
including disposal of liquid effluents, runoff carrying chemicals originating from a 
variety of urban, industrial and agricultural activities as well as atmospheric 
deposition. 
 
Due to their toxicity, persistence and bioaccumulation problems, heavy metals 
become one of the more serious pollutants in our natural environment (Phillips, 
1980; Martin and Coughtrey, 1982; Luoma, 1983; Salomons and Forstner, 1984; 
Rainbows, 1995; Tam and Wong, 2000; Cravo and Bebianno, 2005; Upadhyay et 
al., 2006). Heavy metals in natural waters and their corresponding sediments have 
become a significant topic of concern for scientists in various fields associated with 
water quality, as well as a concern of the general public (Timothy, 2000; Chen et 
al., 2004). The focus of this concern is direct toxicity to man and aquatic life as well 
as indirect toxicity through accumulations of metals in the aquatic food chain (Tam 
and Wong, 1997; Chen et al., 2000; Cravo and Bebianno, 2005). 
 
